We studied two mating systems for a large-scale breeding colony of cynomolgus monkeys: (i) a 3-day timed system that keeps one female and one male together in a cage for 3 days beginning 11 days after menstruation, and (ii) a 7-day timed system beginning 9 days after menstruation. Regardless of the mating system used, we propose a practical definition of an infertile female as one that does not become pregnant in up to six pairings. If we eliminate these animals from the breeding colony, the pregnancy rates would be 3.6 times higher. Eliminating infertile females from a breeding colony is important in order to save labor, time and cost and to maintain a healthy breeding colony.
Since the establishment of the Tsukuba Primate Research Center in 1978, we have been working to develop a breeding system for successive generation of cynomolgus monkeys (Macaca fascicularis), and a rearing system for high-quality production of primates, such as specific pathogen-free animals [2] , for use in scientific experiments. Laboratory-bred cynomolgus monkeys are widely used as the preferred model among primate species, and therefore an efficient breeding system is required. Although a group breeding system consisting of several females and one male-the so-called harem system-is commonly used, it has some drawbacks in that it is impossible to determine the exact ages of fetuses or expected dates of birth. A mating system in which one female and one male are joined together (pairing) in a cage on the expected day of ovulation makes it easier to estimate ages and dates of birth; we have been using this system for 30 years [3, 4] . However, this system requires knowledge of ovulation day, which depends on the length of the female's menstrual cycle [6] . Previous cycle lengths are usually used for predicting the following pairing period, even in our breeding colony. However, a marked increase in serum follicle stimulation hormone (FSH) concentration is observed from 8 to 15 days after menstruation with no relation to menstrual cycle length; in 60% of animals observed, FSH increases at 10 to 11 days after menstruation, and ovulation is observed 1 or 2 days later. Therefore, the length of the previous menstrual cycle may not help in predicting the length of the next cycle [9] , and the opti--Note-mal mating time is judged to be about 12 days after menstruation regardless of the menstrual cycle length [5, 7] .
We wished to demonstrate the usefulness of a simplified mating system which doesn't require the previous menstrual cycle lengths. in addition, to determine the breeding efficiencies, we compared a 3-day timed mating system, which keeps one female and one male together in a cage for 3 days beginning 11 days after menstruation, with a 7-day timed mating system, which keeps females and males together for 7 days beginning 9 days after menstruation.
We also wanted to elucidate the relation between pregnancies and the number of pairings necessary for each female to become pregnant. We propose a practical definition of the loss of fertility to eliminate infertile animals from a breeding colony to improve the breeding efficiency.
Protocols for all experiments involving animals in this study were in compliance with the guidelines set by the National Institutes of Biomedical Innovation for the care, use and biological hazard countermeasures of laboratory animals. All animals used were laboratory bred and reared at our primate center and were housed indoors in individual cages (80 cm wide × 80 cm high × 85 cm deep; stainless steel mesh) at a room temperature of 25 ± 2°C, relative humidity of 60 ± 5%, a light-and-dark cycle of 12 h light, 12 h dark, and fresh air provided 10 times per hour. Animals were fed daily with ~70 g of commercially prepared monkey chow (Type AS, Oriental Yeast, Tokyo, Japan) and ~100 g of apples. details of the breeding and rearing conditions of the animals in our breeding colony are described elsewhere [3, 4] . data were collected from March 2006 to March 2007 and analyzed statistically by the chi-square test.
in this study, 457 females, aged 4-24 years, and 65 males, aged 6-25 years, were used. For the pairing, two individual cages were connected. According to the menstrual bleeding record, a suitable female and a sexually mature male (~4 kg body weight, ~5 years of age and not kin to this female) were kept together in a connected cage (pairing). No other considerations for pairing specific males and females were made. Ultrasonography was conducted 35 days after the first day of pairing [1] , and pregnancy was diagnosed by the presence of a gestational sac in the uterus.
The pregnancy rate (number of pregnancies/number of pairings) was 0.150, and there was no significant difference between the two mating systems (3-day timed: 0.131; 7-day timed: 0.165; P>0.05). The relationship between the age of the females and pregnancy rates is shown in Table 1 . Pregnancy was achieved in females >4 years of age but not in those >20 years of age.
The number of pairings necessary for the females to become pregnant is shown in Table 2 . Half of the pregnancies resulted from the first pairing, regardless of the mating system used (3-day timed: 41 of 78 cases [0.53]; 7-day timed: 55 of 95 cases [0.58]) or the age of the female. Eleven animals <5 years of age were included in this group.
Fifteen animals failed to become pregnant after six pairings and were judged to have lost their fertility. Animals that were judged to be infertile at the end of the observation period had had their first delivery at 5.7 ± 1.2 (mean ± sd; range, 4-8) years of age and their last delivery at 20.0 ± 1.8 (range, 17-22) years of age; the total number of deliveries in their productive span was 9.9 ± 1.8 (range, 7 to 13). details of experiments in primate species under controlled conditions are rarely published; therefore, it is difficult to compare our data with other data. Published descriptions of large-scale breeding colonies seen even rarer [5, 7, 8] .
When calculating the pregnancy rates, we excluded the infertile animals that failed to become pregnant in up to six pairings. The corrected pregnancy rate was calculated by the following formula:
(Total number of pregnancies) ÷ [sum (1-6) {number of pairings needed to become pregnant (1-6)} × {num-ber of pregnant animals}] The corrected pregnancy rate in the 3-day mating system was 78 ÷ (1 × 41 + 2 × 17 + 3 × 10 + 4 × 5 + 5 × 5 + 6 × 0) = 78 ÷ 150 = 0.52. The corrected pregnancy rate in the 7-day mating system was 95 ÷ (1 × 55 + 2 × 21 + 3 × 13 + 4 × 4 + 5 × 0 + 6 × 2) = 95 ÷ 168 = 0.57. There was no significant difference between the corrected pregnancy rates of the two systems; the mean corrected pregnancy rate was 0.54. The probability of fertile animals becoming pregnant at the sixth pairing was 0.025 (= 0.54 ∧ 6); almost all fertile females (97.5%) became pregnant before that time. Therefore, females that failed to become pregnant by the time of the sixth pairing were judged to have lost their fertility. The probability of fertile animals being misjudged to be infertile was <5% in this breeding system; this value is considered to be acceptable for the management of a large-scale breeding colony.
The relationship between the age of the female and the number of pairings necessary to become pregnant is shown in Table 3 . As no significant difference between the two mating systems was observed, the two sets of data were combined. No significant relationship between females 4 to 19 years of age and the number of pairings necessary to become pregnant was observed. No pregnancies were achieved in females >20 years of age.
The relationship between the age of females and the number of pregnancies per female is shown in Table 4 . Again, the two sets of data from the two mating systems were combined. There was no significant difference in pregnancy rates (number of pregnancies/number of females examined in each group) in females 6 to 19 years of age (Table 4) . However, 4-and 5-year-old animals had much lower rates.
In this study, we wanted to analyze the breeding data from our large-scale breeding colony of cynomolgus monkeys in terms of the females. A prolonged pairing of one female and one male was expected to increase the pregnancy rate. However, in a total of 1,172 pairings involving 457 females, there was no significant difference in pregnancy rates between the 3-and the 7-day No pregnancy from over 6 th to 10 th (n=15) pairings was observed. timed mating systems (Table 1) . These results are in agreement with those of previous reports [7, 8] . No significant differences between the two different mating systems were observed in this study. This may be due to the fact that copulatory behavior is often observed early in the pairing period (unpublished data), so prolonged paring may not have had an effect on the reproductive parameters observed in this study. Furthermore, females >20 years of age (a total of 38 pairings involving 12 females) did not become pregnant, and these females were judged to have lost their fertility. Although the females <6 years of age had regular menstrual cycles, their pregnancy rates were lower than those of the older animals. These data indicate that the younger animals had not completely reached sexual maturation. One half of the pregnancies were achieved after the first pairing, regardless of the mating system used or the age of the female (Table 2) . Pregnancy rates gradually decreased with increasing numbers of pairings, and no pregnancies were achieved after the sixth pairing. We propose the practical definition that animals that do not become pregnant in six pairings or less are no longer fertile. The reason for this phenomenon is unclear. Additional studies of reproductive physiology and behavior are needed to elucidate this. Were we to eliminate infertile animals from the breeding colony, the pregnancy rate would increased 3.6 times, from 0.15 to 0.54, indicating management of infertile females would result in savings in labor, time and the cost of maintaining the breeding colony.
After excluding data from infertile females, no significant differences in reproductive ability, such as the number of pairings necessary to become pregnant (Table  3) or the number of pregnancies per 6-to 19-year-old female (Table 4) , were observed. The usefulness of the 3-day mating system in a large-scale breeding colony, regardless of the length of the menstrual cycle in each female, has thus been demonstrated. Further analysis of data regarding males in a large-scale breeding colony is still needed. 
